o 

CD 



CM 
O 

CD 

o 





O 


< 




TO 




"CD 

Q 





Q 
< 






O 




00 






o 








CO 




Q 





ID 

00 





LO 










CO 




CD 




» 




Q 





A e 


i> 








A 










B 










- d 




! -c 




? 




• >> 


• * • • •-■ < 
C 


5 










) 




J 








B, A 










Other 






5- 








■ c 


) 


\ 


Key(s) 














: 


D : 


0 



F/G. 7c 



406--- 


















106 




■110-O- 








11 


0 






C 






412 - « 
414--- 


' 150 


















: 112 


3 

114 
















416 - 




O C 


160 


> ■ 




















118 






! 124 














p c 




' 122 


DO C 


X> 126 < 


5 



FIG. 1d 



Arrange keys in a node in sequential order of the non- 
overlapping ranges defined by each key 




^200 

r 


Define pointers in node to point to child nodes having 
ranges outside the node key ranges 




^205 


Fragment data items for overlapping ranges into 
multiple keys 




^210 

r 


Maintain multiple data items for overlapping segments 




r 


Delete unwanted data items across multiple keys as 
necessary 



220 



FIG. 2 



Start at Root Node as Current 
Node, first key as Current Key 


~4 . 






^300 

r 



Return 


Y 

c 


(best) 


match key 





330 




305 



N 



325 



N 




N 



Set Current Key to next 
adjacent key in node 




310 




N 



No 
Match 



315 



Set Current Key to first key 
in child node pointed to by 
prior pointer 



320 




340 



355 



FIG. 3 



N 



No 
Match 



345 



Set Current Key to first key 
in child node pointed to by 
subsequent pointer 



350 







CNJ 




CNJ 




CO 




^ 




LO 




CNJ 




CO 




CD 




T— 




CNJ 




(J) 









CNJ 
O 

LO 
CNJ 

00 
CD 

CNJ 




00 

T— 
^1" 



^1- 



CNJ 



CNJ 



1— 










CNJ 


» 


CM 




CO 


Q 


^ 


ed 


LO 
CNJ 


"oo 


CO 
CD 


"o 




o 

CO 


c\i 






< 





o 

CO 







L. 

a 


CNJ 




CNJ 


Q 


CO 


< 


^ 




LO 
CNJ 


CD 
• 


CO 
CD 


C 




"o 


CNJ 


Q_ 


CD 



LO 
CO 



CNJ 

CD 



< 
(Y 



O 
v— 



CD 




Push Node Address on 
Path Stack 



500 



Start at first (Left Most) key in Node 
unless key index set in which case start 
at key index in Node. 



Compare LBjn with 
LB_key 



505 



510 




Push Key Index 
onto Path Stack 



Go to next key 
in Node 




534 



526 



N 



Follow left child 
pointer to next Node 



MATCH 




NO 
MATCH 




528 




Push Key Index 
onto Path Stack 



544 




546 



Follow right 
'-j child pointer to 
next Node 



548 



520 



Match: 



SINGLE VALUE 



FIG. 5a 



NEW KEY 



L 



*l 



EXISTING KEY 




FIG. 5b 



NEW 



EXISTING 



Add rule to sorted 
list 



606 



Determine New Range 
(e.g.,LB,UB) 



600 




NEW 



EXISTING 



Fragment existing 
key 


< 


608 



Insert fragment 

portions of 
existing key and 

update existing 
key with new rule 



604 



NEW 



EXISTING 



Fragment new 
key 


i 


^614 



Update existing 
key with new rule 

and insert 
fragment portion 
of new range 



616 



Calculate LBJn, UBjn 

Get new ADP 
Copy New Data into AD 
Start Pointer is set to Root Node 





M322 



624 



Allocate a new node & write the 
key to be inserted. 
Root Node = New node 



Exrr 

(Done) 



628 



626 



N 



Search 

Walk tree starting at Start Pointer to 
find place to insert new key using 
LB in as search value. 



N 





630 



632 



( OT \ 
^Duplicate Key) A 



638 



Prefix Compare 




Compare 
Prefix_in with 
Prefix_AD 

(may need to 
walk AD linked 
list) 



Longer Prefix Frament 
Insert 

New key has longer prefix 
length than matching key. 
Insert, Update, Fragment, 
Store remainder fragments 



Shorter Prefix Fragment Insert 

New key has shorter prefix length than matching 
key. Insert, Update, Fragment, Store remainder 
fragments 



FIG. 6b 



T 



\ 640 




642 




Find Next Greater Key 

Find next greater key by starting at 
last Node in Path Stack. May need to 
walk up tree to find NGK. 




Add Overlap & Fragment 

Add new AD to overlapping 
NGK's AD linked list. Add non- 
overlapping fragment. 



x 664 




Insert 

Insert New Key in B-Tree in Last 
Path Stack Node 
(same node as NGK) 



M370 




Search 

Walk tree starting at the 
Root to find search value 
LB_adj. 



M>76 



678 



Search 

Starting Point = right 
child of the matching 
key. Walk tree starting 
at Start Pointer to find 

place to insert the 
stored right fragment 
using its lower bound 
as search value. 



Search 

Walk tree starting at the 
Root to find search value 
LB_adj. 



Modify the matching key 
such that: 
LB_key = LB_adj 
UB_key = UB_adj 
ADP_key = ADP_adj 



684 



686 



LB_in = Fragment LB 
UB_in = Fragment UB 
Start Pointer = Root 
Node 




MA 



692 



FIG. 6c 



NEW 




EXISTING 






NEW 






EXISTING 











NEW 




EXISTIN< 




NEW 



EXISTING 







NEW 




EXISTINi 




NEW 



EXISTING 




Add new AD at head 
of key's AD linked list 



706 



Store bounds of key to be 
adjusted later: 
LB_adj = LBjn 
UB_adj = UB_key 
ADP_adj = ADPjn 
Adjjlag = 1 



Remember Right 

Fragment: 
LB = UB_key + 1 

UB = UB_in 
ADP = ADP in 



722 



New key to be inserted: 
UB_in' = LB_in - 1 
LB_in' = LB_key 
ADPjn' = ADPkey 

Start Pointer = Last Node in 
Path Stack and set key index 
to matching key's index 

^724 



Search 

Walk tree starting at Start 
Pointer to find place to 
insert new key using 
LB_in' as search value. 



FIG. 7b 




726 



Store bounds of key to be 
adjusted later: 
LB_adj = LB_in 
UB_adj = UB_in 
ADP_adj = ADPjn 
Adj_flag = 3 



1 


\ 732 


Remember Right Fragment: 
LB = UB in+1 
UB = UB_key 
ADP = AD_key 




^734 

f 



New key to be inserted: 
UB_in' = LB_in - 1 
LBjn' = LB^key 
ADP_in' = ADP_key 

Start Pointer = Last Node in 
Path Stack and set key index 
to matching key's index 



736 



Search 

Walk tree starting at Start 
Pointer to find place to 
insert new key using 
LB in' as search value, 




738 




Add new AD at 
head of key's AD 
linked list 



742 



Store bounds of key to be 
adjusted later: 
LB_adj = LBJn 
UB_adj = UBjn 
ADP_adj = ADPjn 
Adjjlag = 1 



LB_in' = UB_key+1 
UB_in'= UBjn 

Start Pointer = Last Node in 
Path Stack and set key 
index to matching key's 
index 
Add New Key 



Store bounds of key to be 
adjusted later: 
LB_adj = LBJn 
UB_adj = UBJn 
ADP_adj = ADPJn 
Adjjlag = 1 



752 



New key to be inserted: 
LBjn' = UBJn + 1 
UBjn' = UB_key 
ADPin' = ADP_key 

Start Pointer = Last Node in 
Path Stack and set key index 
to matching key's index+1 



744 




712 



New key to be inserted: . 
UB_in' = LB_in-1 
LBJn' = LB^key 
ADP_in f = ADP_key 

Start Pointer = Last Node in 
Path Stack and set key 
index to matching key's 
index 



754 



Search 

Walk tree starting at Start 
Pointer to find place to 
insert new key using 
LB in 1 as search value. 



FIG. 7c 



X 756 



714 



Search 

Walk tree starting at Start 
Pointer to find place to 
insert new key using 
LB in' as search value. 




\ 716 





Block 720 
ADPAdj =ADPNew; 
Flag = 1 



Block 722 
Remember Right 
Fragment 



Block 724 
Key to be 
inserted 
(Right Frag't) 
temporarily 

overlaps 
Existing key 



NEW 



EXISTING 



LB_adj 



UB in* = LB in -1 



LB_in' = LB_key 



UB_adj 



UB RF = UB in 



LB_RF = UB_key + 1 



Overlap Key 
ADP_key 



EXISTING 



Block 686 
Existing Key 
Adjusted 



ADP_adj = ADP_new 



LB_adj 



UB_adj 



Block 692+ 
Add Right Frag't 



RF 



FIG. 76 




NEW 



EXISTING 




NEW 



EXISTING 



FIG. 8a 



Examine LB_key and 
UB_key \ 



805 




LBjn == LB_key 
&& 

UB_in > UB_key 



810 



Add new AD to key's AD linked 
list in sorted order. 




815 



LB_in' = UB_key+1 
UB_in' = UB_in 

Start Pointer = Root 
Add New Key 



820 



Add new AD to key's 
AD linked list in sorted 
order. 



830 




B 



FIG. 8b 



Set working node to Last Node 
in Path Stack. Set working 
pointer index to last pointer 
followed from Path Stack 



\ 



900 




Y ^ Right Key 

Present? 




FIG. 9a 




Set current Node to node pointed to by left child 
pointer of First Key 

^952 



FIG. 9b 












NEW 




EXISTINC 




NEW 



EXISTING 



FIG. 10a 



Examine Right Key's LB 

and UB 




1035 



Remember right fragment: 
LB = UB key+1 
UB = UB_in 




\ 1020 

r 


Add New AD to key's AD linked 
list in sorted order 




\1025 



Add New Key: 
LB_in' 
UBJn 1 - 

Start Pointer = Last Node in Path 
Stack and set key index to last 
pointer followed from Path Stack 



= LB_in 
LB_key-1 



\ 



1030 





r 


Add New AD to key's AD linked 
list in sorted order 




\ 1040 

r 


Add New Key: 
LB in' = LB in 
UBJn' = LB_key-1 

Start Pointer = Last Node in Path 
Stack and set key index to last 
pointer followed from Path Stack 




\ 1045 





FIG. 10b 



Find appropriate node 
for insertion and set as 
Current Node 



'1102 




N 



1104 



Sort N keys and new 
key 



'1110 



Store lower key(s) 
(e.g., bottom half) 
in first new node 



'1112 



Store upper key(s) 
(e.g., top half) 
in first new node 



1114 



Store middle key(s) 
(e.g., middle one) 
in temporary node 



iSp|it_ I 1_1 16 



Set Current Node to parent 
node and attempt to insert 
temporary node 



'1118 



Add new key to node 



1108 



'1106 



FIG. 11a 



Examine key count of Last Node 
in Path Stack. 




1120 



JsL 



1122 



Add New Key into 
Node in sorted order. 

LB = LBJn 

UB = UBJn 
ADP points to New AD 




Copy the new key into tempNode 
(as first key). 
DelA1 = NULL 



1124 



1126 



Store address of the node 
(OldA1). Sort 5 keys (including 
key in tempNode to be added) 



1128 



Allocate 2 new nodes. Copy 
sorted keys (1,2) into one node 
(left node) and sorted keys (4,5) 
into other (right node). 

\ 1130 



FIG. 11b 




Allocate a new 
node & copy 
the sorted key 
3 into new 
node 



1134 



Copy the address of 
left node into first 
child & right node's 
address into second 
child of the new 
node 

\ 1136 



Make new 
node the new 
B-Tree Root. 
Free OldA1. 
Free DelA1 if 
. not NULL 




B 



1138 



1140 



N 



Insert the sorted key 3 
into the node in sorted 
order along with left & 
right node addresses 



Free OldA1. 
Free DelA1 if not 
NULL 

\ 1146 




B 



1144 



Allocate a new 
node & copy the 
sorted key 3 into 
new node 



1148 



Copy the address of 
left node into first 
child & right node's 
address into second 
child of the new 
node. 

^1150 



Overwrite OldAI's address in the 
node with new node's address. 
Free OldA1 . Store the address of 
new node in DelA1 (new node is 
tempNode now). 



1152 




FIG. 12a 



Root is \ Y f~ Exrr 

NULL S \- (Empty Tree) J 
1232 ^ \ 1234 

N 

T 



Calculate LB_in, UB_in 
Start Pointer is set to Root Node 




\ 1236 


► 




Sea 

Walk tree starting 
find delete key 
search 


rch 

at Start Pointer to 
using LB_in as 
value. 





\ 1238 

Y 




FIG. 12b 




N 



LBjn = UB_key+1 
(Prepare to delete next segment 
to the right if any) 

\ 1272 




FIG. 12d 



X3 
> CO 



0) 

Q> 
O 

a 



> Q 

0) CO 
CD 

Q 



CNI 



II 



II 



o 
co 




c 
o 

Q 
■ 

O 
2 

C 



o 

I * 

^ "c co 

o y> ~ cd 

>V= Q. °> ^ 

ra r o L 

E 



> 

CD 

*-< 
O 

0) 

Q 



c 

CO Q 

CD 

* w c 
CD .=L o 

"55 "S °" 

Q 



q3> 



~ CD P CD 

O ^ J ^ 



o 

CO 




CO 0 



0) 
(1) 



CL 

a: ~ 

•4— < 

_CD -a 
CD W 

Q 



CO 
CN 
CO 



II 



00 GQ 
D II D 

co >iso >! 

3 CD 3 CD 

^£ EE 

be: be 




CD 


"O 






O 


0) 






_c 


CD 


letes. 




"go 
>> 

CD 


:han 


O 






CD 


sta 




CD 

> 


"D 


£ 


CO 


00 
3 


£ 




_c 


O 




o 

I— 


JZ 


> 




e/Sea 


mig 


pre 


late 


ree 


o 


pd 


O 


CD 




CO 








u. 






CD 


CD 






0£ 









CNJ 
CO 
CO 



CO 
CO 




Node Underflow? 



N 




Y 


Merae or Borrow 




> ► 


Riqht 












1515 




Y 


Merae or Borrow 




> ► 


Left 




1525 


Y 


Merae or Borrow 




> ► 


Left 




^1535 


Y 


Merae or Borrow 




■ ► 


| Riant 





1555 




1545 





Merae or Borrow 






Left 





Toggle 
■1562 /| Use Left 



Merae or Borrow 
Right 



1560 



1564 



M 


Make first child of root 
node the new root node 
and free old root node 




Y 




^ _< 



FIG. 15a 




1570 



1568 



1572 



Exrr 

(Done) 



Create local copies of left 
Sibling, right Sibling & parent 
node and operate on these 
copies 



1572 




Move Parent Key from Path Stack into 
Node 



1574 



N 



Move Parent Key from Path Stack 
into left Sibling's Node with its AD 
Linked list 



1576a 



Move Last Key from Left Sibling into 
Parent Key 



1578a 



1576b 



Copy right Sibling's keys into left 
Sibling's Node. 



Allocate new nodes for left & right 
siblings & write the local copies into 
new nodes 



1578b 



Compress Parent 



1578c 



Allocate new node for left sibling & 
write the local copy into it 

c 



1578d 



XT 



1576c 



Overwrite the parent's node with 
the changes 



1579 



Free old left and right Sibling 
addresses 



FIG. 1 5b 



1580 



Exrr 

(Done) 



1581 



Right Sibling key count > 
MIN KEYS 



N 



1582 



Move Parent Key from Path Stack 
into left Sibling's Node with its AD 
Linked list 



1586a 



Copy right Sibling's keys into left 
Sibling's Node. 



t: 



Move Parent Key from Path Stack into 
Node 




1584a 




r 


Move First Key from Right Sibling into 
Parent Key 




1584b 

f 


Allocate new nodes for left & right 
siblings & write the local copies into 
new nodes 



1586b 



Compress Parent 



XT 



1586c 



Allocate new node for left sibling & 
write the local copy into it 



1586d 



Overwrite the parent's node with 
the changes 



r 



1587 



Free old left and right Sibling 
addresses 



FIG. 1 5c 



1588 



EXIT 
(Done) 



1590 



1584c 



Processor 1615 



Add 



1620 



S63rch 1522 



PfxCmp 1626 



LPFIns 1628 



SPF Ins 1630 



Find NGK 1632 



Key Insert 1 636 



Delete 1640 



Cache 

1670 



Node 
Processing 

1680 



A Interface 



1648 



A 
V 



Add Ov. & Fragment 1634 



Replace & Adjust 1642 



Adjust Underflow 1646 



Key Delete 1644 | Contro , 1618 



B Interface 

1658 



Route Lookup 1610 




FIG. 1 6b 




Processor 1 700 



1715 



A 
V 



A 

) 



Communication 
Interface 

1705 




Carrier 
Media 




1707a 




Modul. / j 
1707b Encode > 



FIG. 1 7 



Tree Modules 



1722 



Storage Medium 1720 



Tree Modules 




